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Description 

TECHNICAL FIELD 

This invention relates to liquid dispensers for 
repetitively discharging substantially equal amounts 
of liquid with highly reproducible output flow as a 
function of time. 

BACKGROUND OF THE INVENTION 

The manufacture of semiconductor apparatus 
and of various recording media require the applica- 
tion of controlled amounts of liquid to the surface of 
material in process. It is common practice to dis- 
pense liquid to a surface of a wafer or disk which is 
spinning about it's major axis. The spinning motion 
causes the liquid to flow evenly over the surface of 
the disk or wafer. In such applications, uniformity of 
product requires that the volume of the liquid dis- 
pensed and the output flow rate as a function of 
time be accurately controlled and reproducible. 

US-A-4.690,621 shows a pneumatically oper- 
ated diaphragm pump which has an integral filter 
and pneumatically operated valves which are in- 
tegrated into the pump body. 

US-A-4,483,665 is an example of a bellows 
type pump which utilizes an external filter, and air 
under pressure is employed to compress the bel- 
lows to discharge liquid from the pump. 

As noted earlier herein, the volume dispensed 
per cycle of pump operation and the rate of dis- 
charge as a function of time are important in 
achieving uniformity of distribution of the liquid to 
the surface being coated and to uniformity of prod- 
uct. 

The use of air or other gases as a driving 
force, because of their compressibility, does not 
permit either accurate control of the volume dis- 
pensed per cycle or of the dispenser output flow as 
a function of time. 

EP-A-0,077,908 shows a diagphram pump 
used to push solvent under pressure through a 
silica alumina separation column. This pump is 
designed to deliver a constant flow rate. 

US-A-4,347,131 shows a syringe type pump 
designed to deliver a measured volume of solution 
to be separated into a high performance liquid 
chromatography machine. 

DISCLOSURE OF THE INVENTION 

Accordingly the present invention is directed to 
a precision liquid dispenser for dispensing precise 
amounts of a- pumped liquid at controlled rates, 
especially but not exclusively a system for dis- 
pensing liquids used in the manufacture of compo- 
nents which require a layer of liquid to be placed 



thereon, comprising : 

a) a positive displacement liquid pump having a 
flexible diaphragm (111), a pump chamber 
(110) and a driving chamber (106) on opposite 

5 sides of the diaphragm (111): 

b) an inlet channel (114) and an outlet channel 
(122), each being capable of fluid communica- 
tion with the pump chamber (110); 

c) a hydraulic driving system for selectively de- 
70 forming the diaphragm (111); 

in which there are: 

d) valve means (125) for selectively putting the 
inlet channel (114) in fluid communication be- 
tween a source of liquid (113) to be dispensed 

75 and the pump chamber (110), and for selectively 
putting the outlet channel (122) in fluid connec- 
tion between the pump chamber (110) and a 
dispensing port (124); 

e) means for controlling the valve means (125) 
20 in coordination with the means for controlling the 

hydraulic system; 

f) means (150) for controlling the hydraulic sys- 
tem; 

g) the hydraulic system including a piston (107) 
25 adjacent to the driving chamber (106) for main- 
taining a driving liquid in fluid communication 
with the diaphragm (111); 

h) the means (150) for controlling the hydraulic 
system including a reversible stepping motor 

30 (102), motion converting means for changing a 

rotative output motion of the motor (102) into 
axial motion of the piston (107) to provide bi- 
directional linear motion of the piston 107); 

i) the motion converting means comprising a 
35 threaded coupling (120) between the motor 

(102) and the piston (107); and 
j) a source (151) of electrical signals for control- 
ling the motor (102). 
Further advantageous features are described in 
40 subclaims 2 to 5. 

Advantageously, hydraulic, as opposed to 
pneumatic, control of the pump diaphragm pro- 
vides for accurate, reproducible control of both 
output volume and flow as a function of time; and 
45 the use of a stepping motor and a controlled 
source of power permits easy control of output 
volume, control of output flow as a source of time, 
and rapid cycling of the liquid dispenser. 

50 BRIEF DESCRIPTION OF THE DRAWINGS 

The single figure illustrates a liquid dispenser 
in accordance with Applicant's invention, 

55 DETAILED DESCRIPTION OF THE INVENTION 

A liquid dispenser in accordance with this in- 
vention is generally supplied as a O.E.M. (Original 
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Manufacturer Equipment) product for integration 
into a processing system of other manufacturers. In 
a typical application in semiconductor processing, 
relatively viscous, reactive materials e.g., positive 
and negative photoresist, are dispensed in volumes 
ranging from less than 1 cc per cycle to greater 
than 15 cm^ per cycle of dispenser operation; and 
In some media coating operations, volumes on the 
order of 60 cm^ are dispensed at a rate of 0.2 
cm^/sec to 2.0 cm^/sec or more. The rate of dis- 
charge during a discharge cycle may be varied 
with time to achieve the desired product coating. 
For example, the rate of discharge is controlled per 
cycle, and positive cut off of flow is achieved by 
drawback of the fluid. 

The dispenser assembly comprises a frame 
100 with mounting feet 180. A motor mounting 
plate 101 is attached to the frame as shown in the 
drawing; and a reversible stepping motor 102 is 
attached to mounting plate 101 by fixtures 103. 

A screw drive shaft 120 is attached to the 
motor shaft 118 by a set screw (not shown in the 
drawing) for positive rotation therewith. External 
threads on the drive shaft 120 cooperate with mat- 
ing internal threads of coupling member 121. The 
mating threads are closely matched to assure pre- 
cision control of bi-directional linear motion of cou- 
pling 120. Coupling member 121 passes through 
opening 105 in body 104 and is attached to piston 
107. Accordingly, piston 107 follows linear motion 
of coupling 121. Sealing ring 108 prevents leakage 
of hydraulic fluid as piston 107 is moved up and 
down in cavity 106. When hydraulic fluid is initially 
introduced into chamber 106 between diaphragm 
111 and piston 107, any air in that chamber is 
vented through bleed port 160. Accordingly, the 
hydraulic system is closed except for bleeding of 
air captured in the system. 

The tubular dispenser body 109 has first and 
second opposing surfaces 190 and 191. A dis- 
penser cavity 110 is formed in the body 109 at the 
surface 191 and an output orifice 117 couples the 
cavity 110 to the surface 190. A diaphragm 111 
covers the cavity 110 at the surface 191 and ex- 
tends beyond the sealing O ring 127 which is 
seated in a depression in body 104. Threaded bolts 
181 pass through passages in body 109 and en- 
gage threads in body 104. The diaphragm 111 is 
held by compression between bodies 104 and 109. 
The sealing O rings 127 and 128 respectively pre- 
vent leakage of the liquid being dispensed and 
hydraulic fluid. 

The solenoid valve assembly 125, under the 
control of signals from the dispenser control logic 
150, selectively connects valve input port 115 to 
the valve input/output port 116, or connects the 
input/output port 116 to the valve output port 112. 
Valve control signals from control logic 150 are 



coordinated in time with control signals for the 
reversible stepping motor 102. The valve assembly 
125 may comprise two independent, solenoid op- 
erated valves, or a two position three port solenoid 

5 valve which provides the above enumerated flow 
paths. The path from input port 115 to input/output 
port 116 is employed to introduce liquid to be 
dispensed into cavity 110 from the liquid source 
113; and the path from port 116 to output port 112 

10 is employed to transmit liquid from the dispenser 
to the output filter 123. 

A cycle of dispenser operation comprises the 
following functions: operate solenoid to close the 
path between ports 116 and 112 and open path 

75 from port 115 to port 116; operate motor 102 to 
draw piston 107 downward to remove hydraulic 
pressure from the lower side of diaphragm 111 to 
introduce fluid into cavity 110 from source 113 via 
conduit 114. port 115, a passage in valve 125, port 

20 116, conduit 182 and port 117; operate solenoid to 
open the path between ports 116 and 112 to close 
the path from port 115 to port 116; operate motor 
102 to drive piston 107 upward to discharge liquid 
from chamber 110 to output conduit 124 by de- 

25 forming diaphragm 111; after the defined volume of 
fluid is dispensed, operate motor 102 to drive pis- 
ton 107 slightly downward to draw fluid back into 
conduit 124 to prevent unintended afterflow to the 
product; and repeat the above described cycle. 

30 During each cycle of operation, the volume of 

fluid introduced into the system from the source 
113 equals the volume dispensed. The above cycle 
may include a pre-dispense operation in which a 
small amount of fluid is discharged to waste before 

35 the main volume is dispensed to the product. Pre- 
dispense is achieved by operating the motor 102 to 
drive the piston 107 slightly upward and momentar- 
ily stopping to permit the product to the placed in 
the path of liquid discharged from conduit 124. 

40 The volume of fluid dispensed in a cycle is 

directed related to the vertical motion of piston 107. 
and vertical motion of piston 107 is directly related 
to the number of pulses delivered to motor 102 
from the dispenser control logic 150 via the path 

4S 151. At the time of manufacture, the dispenser is 
calibrated to define the motor control signals re- 
quired to achieve target volumes to be dispensed 
and the flow patterns from those volumes. The 
manual input 154 control permits an operator to 

50 define dispenser operating parameters, e.g., the 
volume of liquid to be dispensed in a cycle of 
dispenser operation and the rates at which liquid is 
to be dispensed as a function of time during a 
cycle of dispenser operation. Display 126 displays 

55 the selected parameters and other system data to 
the operator. 

The invention has been described with respect 
to a preferred embodiment; however, persons 
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skilled in the art may provide variations in im- 
plementation without departing from the scope of 
the invention. 

Claims 5 

1. A precision liquid dispenser for dispensing pre- 
cise amounts of a pumped liquid at controlled 
rates, especially but not exclusively a system 
for dispensing liquids used in the manufacture io 
of components which require a layer of liquid 
to be placed thereon, comprising : 

a) a positive displacement liquid pump hav- 
ing a flexible diaphragm (111), a pump 
chamber (110) and a driving chamber (106) is 
on opposite sides of the diaphragm (111); 

b) an inlet channel (114) and an outlet chan- 
nel (122). each being capable of fluid com- 
munication with the pump chamber (110); 

c) a hydraulic driving system for selectively 20 
deforming the diaphragm (111); 

characterised by 

d) valve means (125) for selectively putting 
the inlet channel (114) in fluid communica- 
tion between a source of liquid (113) to be 25 
dispensed and the pump chamber (110), 

and for selectively putting the outlet channel 
(122) in fluid connection between the pump 
chamber (110) and a dispensing port (124); 

e) means for controlling the valve means 30 
(125) in coordination with the means for 
controlling the hydraulic system: 

f) means (150) for controlling the hydraulic 
system; 

g) the hydraulic system including a piston 35 
(107) adjacent to the driving chamber (106) 

for maintaining a driving liquid in fluid com- 
munication with the diaphragm (111); 

h) the means (150) for controlling the hy- 
draulic system including a reversible step- 40 
ping motor (102), motion converting means 
(120,121) for changing a rotative output mo- 
tion of the motor (102) into axial motion of 

the piston (107) to provide bi-directional lin- 
ear motion of the piston 107); 45 

i) the motion converting means comprising 
a threaded coupling (120) between the mo- 
tor (102) and the piston (107); and 

j) a source (151) of electrical signals for 
controlling the motor (102). so 

2. A precision liquid dispenser according to claim 
1. characterised in that the means (150) for 
controlling the hydraulic system includes man- 
ual input means (164) for defining the volume 55 
to be dispensed in a cycle of dispenser opera- 
tion. 



3. A precision liquid dispenser according to claim 
1 or claim 2, characterised in that the means 
for controlling the hydraulic system includes 
manual input means for defining the rates at 
which liquid is to be dispensed as a function of 
time in a cycle of dispenser. 

4. A precision liquid dispenser according to any 
preceding claim, characterised in that the 
threaded coupling (120) includes internal 
threads on an extension (121) of the piston and 
external threads on a shaft (120) extending 
from the motor (102), the internal and external 
threads being closely matched. 

5. A precision liquid dispenser according to any 
preceding claim, characterised in that the 
pump includes a bleed port (160) communicat- 
ing with the driving chamber (106). 

Patentanspruche 

1. Prazisionsflussigkeitsausgeber zur Abgabe von 
genauen Mengen einer gepumpten Flussigkeit 
bei gesteuerten Geschwindigkeiten, insbeson- 
dere, wenn auch nicht ausschlieBlich, ein Sy- 
stem zum Ausgeben von Flussigkeiten, wie sie 
bei der Herstellung von Bauteilen verwendet 
werden, bei denen auf diesen eine Flussig- 
keitsschicht angeordnet werden muG mit fol- 
genden Bestandteilen: 

a) Eine Flussigkeitspumpe positiver Ver- 
drangung, welche eine flexible fvlembran 
(111). eine Pumpenkammer (110) und eine 
Antriebskammer (106) aufeinander gegen- 
uberliegenden Seiten der Membran (111) 
aufweist; 

b) einen EinlaSkanal (114) und einen Aus- 
laBkanal (122). welche jeweils eine flussig- 
keitsfuhrende Verbindung mit der Pumpen- 
kammer (110) herstellen konnen; 

c) ein hydraulisches Antriebssystem zur 
wahlweisen Vertormung der Membran 

(111): 

gekennzeichnet durch folgende Bestandteile 
und Einzelheiten: 

d) Ventileinrichtungen (125), um wahlweise 
den EinlaGkanal (114) in flussigkeitsfuhren- 
de Verbindung mit einer Quelle (113) der 
auszugebenden Flussigkeit und der Pum- 
penkammer (110) zu setzen. und um wahl- 
weise den AusIaBkanal (122) in flussigkeits- 
fuhrende Verbindung mit der Pumpenkam- 
mer (110) und einer Ausgabeoffnung (124) 
zu setzen; 

e) Einrichtungen zum Steuern der Ventilein- 
richtungen (125) in Abstimmung mit den 
Einrichtungen zum Steuern des hydrauli- 
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schen Systems; 

f) Einrichtungen (150), um das hydraulische 
Systems zu steuern; 

g) das hydraulische System enthalt einen 
Kolben (107) nahe der Antriebskammer 
(106). um eine Antriebsfiussigkeit in flussig- 
keitsfuhrender Verbindung mit der Mem- 
bram (11) zu halten; 

h) die Einrichtungen (150) zum Steuern des 
hydraulischen Systems enthalten einen um- 
kehrbaren Schrittmotor (102), Bewegungs- 
umwandlungseinrichtungen (120. 131) um 
eine drehende Ausgangsbewegung des Mo- 
tors (102) In eine Axialbewegung des Kol- 
bens (107) umzuwandeln, um dadurch eine 
bidirektionale, geradlinie Bewegung des 
Kolbens (107) zu erzeugen; 

i) die Bewegungsumwandlungseinrichtungen 
enthalten eine mit Gewinde versehene 
Kupplung (120) zwischen dem Motor (102) 
und dem Kolben (107); und 

j) eine Quelle (151) elektrischer Signale zur 
Steuerung des Motors (102). 

2. Prazisionsflussigkeitsausgeber nach Anspruch 
1, dadurch gekennzeichnet, daS die Einrich- 
tungen (150) zum Steuern des hydraulischen 
Systems manuelle Eingabeeinrichtungen (164) 
enthalten, um das in einem Arbeitszyklus des 
Flussigkeitsausgebers abgegebene Volumen 
festzulegen. 

3. Prazisionsflussigkeitsausgeber nach Anspruch 
1 Oder 2. dadurch gekennzeichnet, da0 die 
Einrichtungen zum Steuern des hydraulischen 
Systems manuelle Eingabeeinrichtungen ent- 
halten, um die Geschwindigkeiten mit denen 
Flusslgkeit ausgegeben werden soli, als Funk- 
tion der Zeit in einem Arbeitszyklus des Flus- 
sigkeitsausgebers festzulegen. 

4. Prazisionsflussigkeitsausgeber nach einem der 
vorstehenden Anspruche, dadurch gekenn- 
zeichne, da3 die mit Gewinde versehene 
Kupplung (120) Innengewinde auf eine Verlan- 
gerung (121) des Kolbens und AuBengewinde 
auf einer Welle (120) aufweist, welche von 
dem Motor (102) ausgeht. wobei die Innenge- 
winde und die AuBengewinde in engen Toler- 
anzen angepaSt sind, 

5. Prazisionsflussigkeitsausgeber nach einem der 
vorstehenden Anspruche, dadurch gekenn- 
zeichnet, dafi die Pumpe eine Entlastungsoff- 
nung (160) aufweist, die mit der Antriebskam- 
mer (106) in Verbindung steht. 



Revendications 

1. Un distributeur de liqulde de precision pour 
distribuer des quantites precises d'un liquide 

5 pompe avec des debits commandes, et en 

particulier, mais non exclusivement, un syste- 
me pour distribuer des liquldes qui est utilise 
dans la fabrication de composants qui exigent 
de placer une couche de liquide sur ces com- 

70 posants, comprenant : 

a) une pompe a liquide de type volumetri- 
que ayant une membrane flexible (111). une 
chambre de pompe (110) et une chambre 
d'entraTnement (106) de part et d'autre de la 

15 membrane (111); 

b) un conduit d'entree (114) et un conduit 
de sortie (122), chacun d'eux etant capable 
d'etablir une communication pour un fluide 
avec la chambre de pompe (110) ; 

20 c) un systeme d'entraTnement hydraulique 

pour deformer selectivement la membrane 

(111) : 
caracterlse par 

d) une structure de vanne (125) pour faire 
25 en sorte que le conduit d'entree (114) qui 

est relie a une source de liquide (113) a 
distribuer, soit mis selectivement en com- 
munication avec la chambre de pompe 
(110), et pour faire en sorte que le conduit 
30 de sortie (122) qui est relie a un orifice de 

distribution (124), soit mis selectivement en 
communication avec la chambre de pompe 
(110) ; 

e) des moyens pour commander la structu- 
35 re de vanne (125) en coordination avec les 

moyens destines a commander le systeme 
hydraulique; 

f) des moyens (150) pour commander le 
systeme hydraulique ; 

40 g) le systeme hydraulique comprenant un 

piston (107) adjacent a fa chambre d'entraT- 
nement (106), pour maintenir un liquide 
d'entraTnement en communication avec la 
membrane (111) ; 

45 h) les moyens (150) destines a commander 

le systeme hydraulique comprenant un mo- 
teur pas a pas reversible (102), des moyens 
de conversion de mouvement (120, 121) 
destines a transformer un mouvement de 

50 sortie de rotation du moteur (102) en un 

mouvement axial du piston (107), pour pro- 
duire un mouvement rectlligne bl-direction- 
nel du piston (107) ; 

i) ies moyens de conversion de mouvement 
55 comprenant un accouplement filete (120) 

entre le moteur (102) et le piston (107) ; et 
j) une source (151) de signaux electriques 
pour commander le moteur (102). 
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Un distributeur de liquide de precision selon la 
revendication 1, caractertse en ce que las 
nnoyens (150) destines a commander le syste- 
me hydraulique comprennent des moyens 
d'entree manuels (164) pour deflnir ie volume 5 
a distribuer au cours d'un cycle de fonctionne- 
ment du distributeur. 

Un distributeur de liquide de precision selon la 
revendication 1 ou la revendication 2, caracte- io 
rise en ce que les moyens destines a com- 
mander le systeme hydraulique comprennent 
des moyens d'entree manuels pour definir les 
debits avec lesquels un liquide doit etre distri- 
bue, en fonction du temps au cours d'un cycle 75 
du distributeur. 

Un distributeur de liquide de precision selon 
Tune quelconque des revendications preceden- 
tes, caracterise en ce que t'accouplement filete 20 
(120) comprend un filetage interne sur un pro- 
longement (121) du piston et un filetage exter- 
ne sur une tige (120) qui s'etend a partir du 
moteur (102), les filetages interne et externe 
etant etroitement adaptes. 25 

Un distributeur de liquide de precision selon 
Tune quelconque des revendications preceden- 
tes, caracterise en ce que la pompe comprend 
un orifice de purge (160) qui communique 30 
avec la chambre d'entratnement (106). 
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